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Quick ReferenceData

Toxicity

Toxic Dosage

(for 70 kg adult human)

rni~
Gasoline 115-470
Diesel Fuel 63
Methanol 60-240
Ethanol

Dispersal in Water-Borne Spills

Gasoline slow - by evaporationandwater action
Diesel fuel slow - by evaporationandwateraction
Methanol rapid - 100% soluble in water
Ethanol rapid - 100% soluble in water

Useful Termsand Definitions (also seeGlossary)

• Butanethiol: a substancewith a strong,offensive and unique odor, used as a fuel
malodorantto provokeinstantrecognitionby the public as methanol.

• Nigrosine: a dye, to be addedin small amount(up to 15%volume) to methanolto
enhancetheluminosity of methanolflame.

• Toxicity: the quality, state,or relativedegreeof beingpoisonous.
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Issue #3: Land Contamination

Alcohol leaksandspills on land can poison terrestrial animal

and plant life.

Implications ofLand-BasedSpilLs:

• Methanol, like gasolineand diesel, is very toxic to
terrestrialplant andanimallife but its effectsaremuch
shorter lived than those of petroleum-basedfuels.
Ethanolis not highly toxic andthe effectsof ethanol
spills on land are not anticipatedto be serioussince
ethanoldissipatesquickly in the environment.

ProposedSolutions:

• Precautionsin shippingandhandlingthat arecurrently
used for crudeoil andgasolinewill be sufficient for
transportingmethanol andethanol.

DetailedInfonnation. Refer to page 10-5.
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Section 10

HEALTH AND SAFETY ISSUES

• Toxicity
• Leaksand Spills in Water
• Leaks and Spills on Land
• Safety

Introduction

Modern society has become adept at producing, transporting,
storing and dispensingavariety of transportationfuels. The key
motor transportationfuels -- gasoline and diesel fuel -- have a
number of serious drawbackswhich require careful handling to
preventaccidentalpoisoningandwidespreadecologicaldamagein
the event of a transportationaccidentor leaking storagefacility.
Standardprocedureshave beendevelopedto limit theserisks to
socially acceptablelevels.

Concernshave beenraised that the introduction of alcohol fuels
(particularlymethanol)into widespreadusefor transportationfuels
will createnew safetyandhealthconcerns. Theseconcernsare of
threetypes: toxicity; environmentaldamagein the eventof amajor
wateror land-basedspill; andflammability.

Toxicity ______________________________________________

A personmay come into contactwith a liquid motor fuel either
through inhalation, ingestion, or dermal contact. Ingestion or
swallowing is the mostlikely causeof seriousacutepoisoning. All
of the existing motor liquid fuels, including ethanol,posea toxic
threatif sufficient amountsareingested.

10-1



10-2 PROPERTIES OF ALCOHOL FUELS

DieselFuel

Diesel fuel is highly toxic. [1] Its ingestion may causenausea,
vomiting, cramping, liver and kidney damage,lung irritation, and
centralnervoussystemdepressionrangingfrom a mild headacheto
coma,anddeath. Deathwould result from ingestionof just 63 ml
(1/4 cup) for the averageadult male. However,since dieselfuel
will often causeregurgitation,largequantitiesof ingestedfuel will
often not stay in the stomach, thus avoiding the acute toxicity
discussed above. Unfortunately, when regurgitation occurs,
aspirationinto the lungs of evensmall amountsof diesel fuel may
result in severe irritation with coughing, gagging, difficulty
breathing,chestpain,chemicalpneumonitisandbronchopneumonia.

Gasoline

Accordingto the AmericanAssociationof PoisonControl Centers
(AAPCC), about 35,000 incidences of gasoline ingestion are
reportedannuallyin the United States. Most of them area result
of attemptedsiphoningfrom gasolinetanks. Gasolineis toxic if
ingestedin moderatequantities. Ingestionof evensmall amounts
(5 to 10 ml) of gasoline may causea burning sensationin the
mouth, throat, andchest,andintenseirritation andburningin the
gastrointestinaltractwith nausea,vomiting, diarrhea,andabdominal
pain. Ingestionof 27 - 40 nil of gasolinewill result in moreserious
symptomsincluding centralnervoussystemdepression,headache,
dizziness,drowsiness,fever, and transientliver damage. Severe
intoxicationmaycauseunconsciousnessandcommaor convulsions
with seizures.Fatal doseestimatefor theaverageadult rangefrom
115-180ml to 470ml, but deathhasbeenreportedat a doseas low
as 13 ml. The fatal dosefor children is 13 to 20 nil. Gasolineis
even more hazardousif aspirated into the lungs following
regurgitationor belching. Once in the lungs,evensmall amounts
may causesevere chemical pneumonitis,and death from lung
insufficiency. Gasoline vapor is considered by the U.S.
EnvironmentalProtectionAgency(EPA) to beahumancarcinogen
(with 68 incidencesin 1986), and is suspectedof causingvarious
other chronic effects. [21 In addition, gasolinevapor contains
benzene,a group of humancarcinogenswhich was estimatedto
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cause155 cancerincidencesin 1986. [3] Gasoline’sthresholdlimit
value (TLV) of 300 ppm andshort termexposurelimit (STEL) of
500 ppm were setby EPA at least in part to protect againstthe
cumulativetoxic effectsof benzene.

Methanol

Policy Issue#1

Methanol is highly toxic. Ingestion of small quantities of
methanolcancauseblindness;largequantitiescausedeath.
Methanolpoisoningcanalsooccurby inhalationof thevapors
or by prolongedexposureof the skin. Since methanolhasno
color, taste or odor, it has the potential to be ingested
unintentionallymorereadilythantheotherliquid motorfuels.

The use of additivesto providea distinctive taste,color and odor
to methanolwould be beneficial. Various hydrocarbonsin small
amountsare successfullyusedasadditives,suchas in M85 (85%
methanol,15% gasoline).

Symptomsof overexposureto methanol result from methanol’s
metabolismin the body. Methanol is slowly metabolizedto
formate, which is in turn oxidized to form CO2 which is then
exhaled. Thus, in severeor long methanolexposure,the body’s
ability to metabolizethe formateis overwhelmed,causingformate
buildup and acidosisof the blood. The minimum lethal dose of
methanolexposurein the absenceof medicaltreatmentgenerally
rangesbetween300 and 1000 mg/kg.

Ingestion is the most common form of methanol poisoning in
humans. For the averageadult male weighing 70 kg, toxic effects
canbeginwith ingestionof aslittle as18 ml (approximately3 to 4
teaspoons),and as little as 26 to 70 ml can be fatal. However,
therearecasesdescribedwhereaslittle as6 ml provedfatal while
in othercases500 ml hasnot resultedin any permanentdamage.
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The normally fatal dosefor methanolingestionrangesfrom 60 to
240 ml. Since the toxic effectsof methanoloccur 10 to 48 hours
afteringestion,thereis sufficient time to seekmedicalattention.[4]

Ethanol

Ethanol is medically referred to as a hypnotic or depressant. It
depressesactivity in the upperbrain andis alsotoxic if ingestedin
sufficiently largequantities,but it is much lesstoxic thanmethanol
or gasoline. Generally, intoxication will bring sleep or
unconsciousnessbeforea toxic amountcanbe ingested. In rats, the
lethal doseof ethanolis 13.7g/kg of bodyweight [5] or 10-40times
greaterthan that for methanol. Abuseof ethanolis a major drug
problem in most countries. U.S. federal law requiresthat some
highly pure (generally95-100%) ethanolused for scientific and
industrial purposesbe adulteratedor “denatured” to discourage
peoplefrom drinking it. Various denaturantsareused, including
methanolandgasoline.

Leaksand Spills in Water

Since methanolis infinitely solublein water, aspill in openwater
dispersesrapidly. In addition to its rapid dispersion,complete
elimination from theenvironmentoccursasa result of methanol’s
rapid biodegradation(decompositionof methanolas a result of
natural processes). A wide variety of marine and terrestrial
microbesmetabolizemethanol.[6] As a result, recolonizationof
methanolspill sitesis very rapid(a matterof months)with no long-
termeffects,while theeffectsof petroleumspills mayrequireyears
to disappear. Cleanupof methanolspills on water requiresless
effort andcostthanpetroleumfuel, andis generallymoreeffective.
For small spills, oneonly needsto monitorandisolatetheareafor
severaldays,allowing naturalbiodegradationto completethe task.
[7]
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Policy Issue#2
In general, methanol is less toxic to marine life than
petroleum fuels, and many of its poisoning effects are
temporaryandreversible.

Ethanol, like methanol, is biodegradableand infinitely soluble in
water. Thus a spill in openwater dispersesrapidly. Ethanol is
much lesstoxic thanmethanolandgasolineandits poisoningeffects
arehandledmuchmore easily.

Leaksand Spills on Land

Gasolineand diesel fuel are very toxic to terrestrialplant and
animal life. [8,9] In this characteristic,it is similar to methanol.
[10,11]

Policy Issue#3
Methanol, like the petroleumfuels, is very toxic to plant and
animallife. However,thetoxic effectsof methanolspills are
much shorter-livedthan petroleumfuel spills, as discussed
earlier.
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Safety

Policy Issue #4

The use of neat methanoland ethanol raises concerns
about their lack of odor and lack of flame luminance.
Concernover methanol(and to a lesserextent, ethanol)
flame luminositystemsfrom the fact that methanolburns
with a nearinvisible flame underdaylight conditions.

An investigationinto flame luminositywould consistof quantifying
theflameluminanceof methanolover the entireburnperiod. This
would providebasicdatato help in selectinga potentialadditive.

Nigrosine has beenidentified as a potentialmethanol luminosity
enhancer.[12] Theadditionof 15 vol. % unleadedgasoline(M85)
has alsobeensuggestedas a methanolfuel standardto increase
flame visibility for safetyreasons.

Becausemethanol,like natural gas,has no offensive odor which
alerts usersof a leak or spill, an agent must be introducedto
providea smell asanearlywarning. A fuel malodourantmust be
offensiveenoughto provokeinstantrecognition. Furthermore,the
odor should be unique so that it will not be mistakenfor other
substances. Butanethiol has been identified as a promising
malodourant, offering a relatively strong odor at a low
concentration.[13]

Both theU.S. Departmentof Transportationandthe NationalFire
PreventionAssociation(NFPA) classify methanoland ethanolas
flammable liquids. Therefore, the federal codes and NFPA
standardsgoverning fire protection for transport, storage, and
handlingof flammableliquidsaredirectlyapplicableto neatalcohol
andblend fuels. [14]

Ethanolburnsat a temperatureof 13°C(55°F),andmethanolat a
temperatureof 11°C(52°F). This is considerablyhigher than that
of gasoline, which has a flame temperatureof -43°C(-45°F).
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Therefore,both ethanoland methanolare much less flammable
than gasoline, and their use as liquid transportationfuels will
contributeto reducingthe numberof fires causedby gasolineon
U.S. highwayseveryyear.
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ENDNOTES:

1. Litovitz, Toby, “Acute Exposure to Methanol in Fuels: A
Prediction of Ingestion Incidence and Toxicity.” National
CapitalPoisonCenter,October31, 1988.

2. Adler, JonathanM., andPennyM. Carey,“Air ToxicsEmissions
and HealthRisks from Motor Vehicles.” U.S. EPA, AWMA
PaperNo. 89-34A.6,July 1989.

3. Gabele,PeterA. et al, “Characterizationof Emissionsfrom
Vehicles Using Methanol and Methanol-GasolineBlended
Fuels.” FAPCA35: 1168-1175,1985.

4. Machiele, P. (1989). “A Perspectiveon the Flammability,
Toxicity, and Environmental Safety Distinctions Between
Methanol and Conventional Fuels”, U.S. Environmental
Protection Agency, Paper No. 43b, presentedat the 1989
Summer National Meeting of the American Institute of
ChemicalEngineers,Philadelphia,PA, August 22, 1989.

5. Solomons,T.W.G., Organic Chemistry,4th Ed., John Wiley &
Sons,Inc. pp. 349-393, 1988.

6. LawrenceLivermoreLaboratory,“MethanolasaTransportation
Fuel: Assessmentof Environmentaland Health Research,
December,1980.

7. ArgonneNationalLaboratory,“An EnvironmentalAssessment
of theUseof Alcohol Fuelsin HighwayVehicles,” December,
1980.

8. EnvironmentalProtectionAgency, “Cleanup of Releasesof
PetroleumUSTS: SelectiveTechnologies.” EPA/530/UST-
88/001, April 1988.

9. Letter to CharlesR. Imbrecht, Chairman,California Energy
Commission,from Dr. PeterD’Eliscu, Departmentof Biology,
WestValley College,April 28, 1987.

10. D’Eliscu, PeterNeal. “Overview of EnvironmentalImpacts
from MethanolFuel Spills.” WestValley College, 1981.

11. D’Eliscu, Peter Neal. “Environmental Consequencesof
MethanolSpills and MethanolFuel Emissionson Terrestrial


